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Racemoselective preparation of isolable ansa-metallocene biphenoxide complexes 



5 The present invention relates to a process for preparing racemic ansa-metallocene biphenoxide 
complexes having relatively short isomerization times by reacting bridged transition metal com- 
plexes of the formula (I) 



10 




15 (I), 

where the substituents and indices have the following meanings: 

M is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybde- 

20 num, tungsten or an element of transition group III of the Periodic Table and the lan- 

thanides, 

X are identical or different and are each fluorine, chlorine, bromine, iodine, hydrogen, 

Ci-Cio-alkyl, Ce-Cis-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl 
25 part and from 6 to 20 carbon atoms in the aryl part, -OR^ or -NR^2, where R® are 

identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl, Ca-Cio-cycloalkyl. alky- 
laryl, 

n is an integer from 1 to 4 and corresponds to the valence of M minus 2, 

30 

R\ R^. R"*, R^, R^, R® are identical or different and are each hydrogen, fluorine, chlorine. 

bromine, iodine, Ci-C2o-alkyl, 3- to 8-membered cycloalkyi which may in turn bear 
a Ci-Cio-alkyl group as substituent, Ce-Cis-aryl. alkylaryl having from 1 to 
10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the aryl part, ary- 
35 lalkyi having from 1 to 10 carbon atoms in the alkyl part and from 6 to 20 carbon at- 

oms in the aryl part. 

-OR'°. -SR'°. -N(R'°)2. -P(R''')2 or S\(R'%, where R'° are identical or different and 
are each Ci-Cio-alkyl. Ce-Cis-aryl, Ca-Cio-cycloalkyI, alkylaryl. where the radicals 
mentioned may be partially or fully substituted by heteroatoms, 

40 
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20 where 



R^ are identical or different and are each hydrogen, -OR^\ -SR", -N(R")2. -P(R^^)2 or 

Si(R^^)3. where R^^ are identical or different and are each Ci-Cio-alkyl. C3-C10- 
cycloalkyl, 

Y are identical or different and are each 

R12 / R12 R12 R12 
M1 • M1 — W ' MI-CR2I2— • 



10 R12 R12 R12 R12 



R12 R12 R12 R12 

C • Ml • C C— 



R12 R12 R12 R12 



= BR^^ = AIR^^ -Ge-, -Sn-. -0-, -S-. = SO. = SO2. = NR^^ = CO. = PR^^ or = 
P(0)R^^ 



R^^ are identical or different and are each hydrogen, halogen, Ci-Cio-alkyl. Ci-Cio-fiuo- 

roalkyl, Ce-Cio-fluoroaryl, Cg-Cio-aryl, Ci-Cio-alkoxy, C2-Cio-alkenyl, C7-C4o~ary- 
lalkyi, C8-C4o-arylalkenyl, C7-C4cr"alkylaryl, or two radicals R^^ together with the at- 
25 " oms connecting them form a ring, 

is silicon, germanium or tin, 

with cyclopentadienyl derivatives of alkali metals or alkaline earth metals and heating the reaction 
30 mixture obtained in this way to a temperature in the range from -78 to 250°C. with or without ad- 
dition of free radicals or free radical formers to give racemic metallocene complexes of the for- 
mula (II) 



35 
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15 R^^ to R^^ are identical or different and are each hydrogen, Ci-C2o-alkyl, 5-to 7-membered cy- 
cloalkyl which may in turn bear a Ci-Cio-alkyl group as substituent, Ce-Cis-aryl or 
arylalkyi, where adjacent radicals nnay together form cyclic groups having from 4 to 
15 carbon atoms, or Si(R^®)3. where 

20 R^® are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl or Ca-Cio-cycloalkyl. 

and 




30 where the radicals 

R^® to R^^ are identical or different and are each hydrogen, Ci-C2o-alkyl, 5- to 7-membered cy- 
cloalkyl which may in turn bear a Ci-Cio-alkyl group as substituent, Ce-Cis-aryl 
or arylalkyi, where adjacent radicals may together form cyclic groups having from 
35 4 to 15 carbon atoms, or Si(R^^)3 where 

R^^ are identical or different and are each Ci-Cio-alkyl. Ce-Cis-aryl or Ca-Cio-cycloalkyI, 

or the radicals 

40 
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R^® and Z together form a -[T(R^^)(R^®)]m-E- group, where 

T may be identical or different and are each silicon, germanium, tin or carbon, 

5 R^^, R^^ are each hydrogen, Ci-Cio-alkyl, Ca-Cio-cycloalkyI or Ce-Cis-aryl 

m is 1, 2. 3 or 4, and 

10 E . is 




15 or A, where 



2D 



IS 

— O— , s — ' ^NR27 - ^PR27 

where R^^ are identical or different and are each Ci-Cio-alkyl. Cs-Cis-aryl. Ca-Cio-cycloalkyI, 
alkylaryl or Si(R^% 

where R^® are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl. Ca-Cio-cydoalkyl 
25 oralkylaryl, 

to corresponding racemic metallocene biphenoxide complexes of the formula (II) and to the use of 
racemic metallocene biphenoxide complexes of the formula (II) as catalysts or as constituents of 
catalyts for the polymerization of olefinically unsaturated compounds or as reagents or as cata- 
30 lysts in stereoselective synthesis. 



Apart from stereospecific olefin polymerization, enantioselective organic synthesis is increasingly 
offering interesting possible applications for chiral metallocene complexes of metals of transition 
- 35 groups III - VI of the Periodic Table of the Elements. An example is the enantioselective hydro- 
genation of prochiral substrates, for example prochiral olefins as described in R. Waymouth, P. 
Pino, J. Am. Chem. Soc. 112 (1990), p. 4911-4914, or prochiral ketones, imines and oximes, as 
described in WO 92/9545. 
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Mention may also be made of the preparation of optically active alkenes by enantioselective oli- 
gomerization. as described in W. Kaminsky et al.. Angew. Chem. 101 (1989), p. 1304-1306. and 
the enantioselective cyclopolymerizatlon of 1,5-hexadienes, as described in R. Waymouth, G. 
Coates, J. Am. Chem. Soc. 113 (1991), p. 6270-6271. 

5 

The abovementioned applications generally require the use of a metallocene complex in its race- 
mic form, i.e. without meso compounds. In the case of the diastereomer mixture (rac and meso 
form) obtained in the metallocene synthesis of the prior art, the meso form firstly has to be sepa- 
rated off. Since the meso form has to be discarded, the yield of racemic metallocene complex is 
10 low. 

Attempts have therefore been made in the past to develop racemoselective syntheses of ansa- 
metallocenes. A significant step in racemoselective syntheses of ansa-metallocenes proceeds via 
the intermediate of an ansa-metallocene bisphenoxide or an ansa-metallocene biphenoxide. Cor- 
- 15 responding synthetic routes of a general type are described, for example, in WO 99/15538 and in 
DE 10030638. 

Despite the progress achieved, a generally applicable reaction scheme for the racemoselective 
synthesis of ansa-metallocenes has not been found hitherto, in the synthetic route via the inter- 

20 mediate of the ansa-metallocene bisphenoxides, the racemoselectivity of the synthetic route is 
highly dependent on the substitution pattern of the bisindenyl ligands used. Thus, the ansa- 
metallocene bisphenoxide intermediates can usually be obtained racemoselectively only when 
using derivatives substituted in the 2 position of the bridged bisindenyl ligand. Without being tied 
to a particular theory, it is assumed that the reaction path possibly proceeds via a kinetically con- 

25 trolled mechanism in which two different diastereomeric transition states having different energies 
are formed, so that the two isomers, namely the meso form and the racemate form, are formed in 
different amounts. 

However, this synthetic route using 2,6-methyl-substituted phenoxides via the intermediate of the 
30 ansa-metallocene bisphenoxide has not been able to be applied successfully to more highly sub- 
stituted and more sterically hindered ansa-bisindenyl ligand complexes. The use of phenoxide 
auxiliary ligands substituted in the 4 position of the phenoxide generally leads only to slight race- 
mate excesses. . 

35 in all the synthetic routes via such ansa-metallocene bisphenoxide intermediates, the bisphenox- 
ide complexes are thermally stable as soon as they are formed so that no isomerizatioh between 
rac and meso form occurs when the phenoxide auxiliary ligands are replaced. 

In contrast, the situation is different in the case of the ansa-metallocene biphenoxide complexes. 
40 The corresponding synthetic route using substituted biphenoxides as auxiliary ligands, in which a 
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dilithium salt of an ansa-llgand is reacted with a dichlorozirconium biphenoxide complex, generally 
leads initially to a rac/meso ratio of the ansa-metallocene biphenoxide complexes formed of from 
about 1:1 to 5:1. However, in this case the meso diastereomer can be isomerized completely or 
virtually completely into the thermodynamically more stable rac isomer by heating. The dlffer- 
5 ences in the thermodynamic stability of the two diastereomers is due to steric repulsions of the 
ligand system having the bulky substituents generally employed in the 3 and 3' positions of the 
biphenoxide ligand. It is assumed that the primary reaction path to the ansa-metallocene bi- 
phenoxide complex is likewise kinetically controlled. 

10 This strategy for the racemoselectlve preparation of ansa-metallocene biphenoxide complexes 
can be applied in the case of various metals and also in the case of a wide variety of different 
ligands. However, this synthetic route has the disadvantage that the tert-butyl-substituted bi- 
phenoxide auxiliary ligands which have mainly been used in the past, for example 3.3',5,5'-tetra- 
tert-butylbiphenol, require relatively long reaction times at high temperatures for the thermal iso- 
r 15 merizatlon. In general, reaction times of up to 10 hours in toluene or similar solvents at tempera- 
tures of about 100X are used for the racemoselective synthesis of ansa-metallocene biphenox- 
ide complexes. The long reaction times and the high temperatures for the isomerization both lead 
to sometimes considerable losses in yield, and to a corresponding, disadvantageous consumption 
of time and energy. 

20 

A further disadvantage of the known syntheses using the multiply alkyl-substituted biphenoxide 
auxiliary ligands customarily employed is the relatively high solubility of these nonpolar complexes 
in the aromatic solvents usually employed, which makes isolation of the complex in pure form by 
crystallization considerably more difficult. 

25 

It is an object of the present invention to overcome the disadvantages of the prior art and find a 
process for the selective preparation of racemic metallocene biphenoxide complexes which are 
virtually free of mesoisomer (NMR measurement accuracy). In particular, it is an object of the 
present invention to find a racemoselective process for synthesizing metallocene biphenoxide 
30 complexes which leads in a simple and cost-effective manner to end products which can be iso- 
lated in pure form. A further object is to find racemic metallocene complexes which either can be 
used directly as or in catalysts, primarily for olefin polymerization, or after modification, for exam- 
ple by replacement of an "auxiliary ligand", can be used as or in catalysts, primarily for olefin po- 
lymerization, or can be used as reagents or catalysts in stereoselective synthesis. 

35 

We have found that this object is achieved by the process defined in the claims, by the racemic 
metallocene complexes II and by their use as catalysts or in catalysts for the polymerization of 
olefinically unsaturated compounds or as reagents or catalysts in stereoselective synthesis. 
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The terms "meso form", "racemate" and thus also "enantiomers" in the context of metallocene 
complexes are known and are defined, for example, in Rheingold et al.. Organometalllcs 11 
(1992). p. 1869-1876. . 

5 For the purposes of the present invention, the term "virtually meso-free" means that more than 
80%, preferably at least 90%, of a compound are present in the form of the racemate, particularly 
preferably at least 95%. 

It has surprisingly been found that metallocene biphenoxide complexes having polar substituents 
10 and/pr substituents capable of electron delocalization, preferably .with one or more free electron 
pairs, in the 5 or 5' position of the biphenoxide ligand lead to significantly shorter isomerization 
times. Furthermore, these biphenoxide complexes can be isolated and crystallized significantly 



more easily. 



15 



The bridged transition metal complexes used in the process of the present invention have the 

formula (I) 
R3 R4 R5^ R6 




20 



MXn 



(I). 



25 



where the substituents and indices have the following meanings: 



M 



is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybde- 
num, tungsten or an element of transition group 111 of the Periodic Table and the lan- 
thanides, 



30 



X 



are identical or different and are each fluorine, chlorine, bromine, iodine, hydrogen, 
Ci-Cio-alkyl, Cs-Cis-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyi 
part and from 6 to 20 carbon atoms in the aryl part, -OR^ or -NR®2, where R® are 
identical or different and are each CrCio-alkyI, Ce-Cns-aryl, Cs-Cio-cycloalkyi, alky- 
laryl. 



35 



n 



is an integer from 1 to 4 and corresponds to the valence of M minus 2. 
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10 



R^. R^, R^, R® are identical or different and are each hydrogen, fluorine, chlorine, 
bromine, iodine, Ci-C2o-alkyl, 3- to 8-membered cycloalkyi which may in turn bear 
a Ci-Cio-alkyl group as substituent, Ce-Cis-aryl, alkylaryl having from 1 to 
10 carbon atoms in the alky! part and from 6 to 20 carbon atoms in the aryl part, ary- 
lalkyl having from 1 to 10 carbon atoms in the alky! part and from 6 to 20 carbon at- 
oms in the aryl part, 

-0R'°. -SR'°, -N(R'°)2, -P(R'°)2 or Si(R'°)3, where R'° are identical or different and 
are each Ci-Cio-alkyl, Ce-Cis-aryl, Ca-Cio-cycloalkyI, alkylaryl, where the radicals 
mentioned may be partially or fully substituted by heteroatoms. 

are identical or different and are each hydrogen. -OR^\ -SR^\ -N(R")2, -P(R^^)2 or 
Si(R^^)3, where R - ^ are identical or different and are each Ci-Cio-alkyl. Ca-Cio- 
cycloalkyl, 



15 Y 



are identical or different and are each 



20 



R12 

I 

-M1— 



R12 



R12 R12 
-M1 — M1— 

I I 

R12 R12 



R12 

-M^CR212— 
R12 



25 



30 



35 



where 



>12 



R12 

-c— 



R12 



R12 

-O Ml— 



R12 



R12 R12 

I 1 

— c— 



R12 R12 



= BR'^ = AIR'^-Ge-. -Sn- -0-, -S- = SO. = SO2. = NR'^ = CO. = PR'^ or = 
P(0)R^^ 



are Identical or different and are each hydrogen, halogen, Ci-Cio-alkyl, Ci-Ci(r-fluo- 
roalkyl, Ce-Cio-fluoroaryl, Cs-Cio-aryl, Ci-Cio-alkoxy, C2-Cio-alkenyl, C7-C4o-ary- 
lalkyl. C8-C4o-arylalkenyl, C7-~C4o-alkylaryl, or two radicals R^^ together with the at- 
oms connecting them form a ring. 

is silicon, germanium or tin. 



Preferred metals M are titanium, zirconium and hafnium, in particular zirconium. 



40 



LU6061 



9 



Well-suited substituents X are fluorine, chlorine, bromine, iodine, preferably chlorine, also Ci-Ce- 
alkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, l-butyl, preferably tert-butyl. Fur- 
ther well-suited substituents X are alkoxides -OR® or amides -N(R®)2, where are identical or 
different and are each Ci-Cio-alkyl, Ce-Cis-aryl, alkylaryl, arylalkyi, fluoroalkyi or fluoroaryl each 
5 having from 1 to 10 carbon atoms in the alkyi radical and from 6 to 20 carbon atoms in the aryl 
radical. Such radicals X are, for example, methyl, ethyl, i-propyl, tert-butyl, phenyl, naphthyl, p- 
tolyl, benzyl, trifluoromethyl, pentafluorophenyL 

The substituents R\ R^, R^ R^, R^ and R® are identical or different and are each hydrogen, fluo- 
10 rine. chlorine, bromine, iodine. Ci-Czo-alkyl. -OR^°. -SR^°. -N(R^°)2. -P(R^°)2 or Si(R^°)3. where R^° 
are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl, Ca-Cio-cycloalkyI, alkylaryl, 3- to 
8-membered cycloalkyl which may in turn bear a Ci-Cio-aIkyl radical such as methyl, ethyl, propyl 
as substituent. Examples of such cycloalkyl radicals are cyclopropyl, cyclopentyl, preferably cy- 
clohexyl, norbornyl. The substituents r\ R^, R"*, R^, R^ and R® may also be Ce-Cis-aryl such as 
15 phenyl or naphthyl; alkylaryl having from 1 to 10 carbon atoms in the alkyI part and from 6 to 20 
carbon atoms in the aryl part, e.g. p-tolyl; arylalkyi having from 1 to 10 carbon atoms in the alkyI 
part and from 6 to 20 carbon atoms in the aryl part, e.g. benzyl or neophyl; or triorganosilyl such 
as Si(R^°)3, where R^° are identical or different and are each Ci-C2o-alkyl, Ca-Cio-cycloalkyI, Ce- 
Ci5-aryl, for example trimethylsilyl. tert-butyldlmethylsilyl, triphenylsilyl. The radicals mentioned 
20 can of course also be partially or fully substituted by heteroatoms. for example by S-, O- or 

halogenatom-containing structural elements. Examples of such substituted radicals R\ R^, R"*, R^, 
R^ and R® are the trifluoromethyl, pentafluoroethyl, heptafluoropropyl, heptafluoroisopropyl and 
pentafluorophenyl groups. 

25 Preferred substituents R^ and R° are ones which take up a large amount of space. Such substitu- 
ents are usually referred to as bulky substituents. and they can cause steric hindrance. 

In general, these groups are carboorganic or organosilicon radicals which take up a large amount 
of space (bulky radicals) or else fluorine and preferably chlorine, bromine and iodine. The number 
30 of carbon atoms in such carboorganic or organosilicon radicals is usually not less than three. 

Preferred nonaromatic, bulky radicals are carboorganic or organosilicon radicals whch are 
branched in the a or higher position. Examples of such radicals are branched C3-C2o-aliphatic 
radicals, C9-C2o-araliphatic radicals and Cs-Cio-cycloaliphatIc radicals, e.g. isopropyl. tert-butyl, 
35 isobutyl. neopentyl. 2-methyl-2-phenylpropyl (neophyl). cyclohexyl. 1-methylcyclohexyl, bicy- 

clo[2.2.1]hept-2-yl (2-norbornyl), bicyclo[2.2.1]hept-1-yl (1 -norbornyl). adamantyl. Further suitable 
radicals of this type are organosilicon radicals having from three to thirty carbon atoms, for exam- 
ple trimethylsilyl, triethylsilyl. triphenylsilyl, tert-butyldimethylsllyl, tritolylsilyl or 
bis(trimethylsilyl)methyl. 
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Preferred aromatic, bulky groups are generally C6-C2o-aryl radicals such as phenyl, 1- or 
2-naphthyl or preferably Ci-Cio-alkyl- or Cs-Cio-cycloalkyl-substituted aromatic radicals such as 
2,6-dimethyIphenyl, 2,6-dj-tert-butylphenyl, mesityl. 

5 Very particularly preferred substituents and are i-propyl. tert-butyl. trimethylsilyl, cyclohexyl, 
i-butyl, trifluoromethyl. 3,5-djmethylphenyl. ^ .... 

In the preferred substitution pattern, R^ and R® in the formula (I) are identical. 

10 Preferred substituents R^, R^, R^ and R^ are identical or different and are each hydrogen or Ci- 
C2o-alkyl. The radicals R^ and R^ or R^ and R® can also be joined to one another so as to form 
saturated, partially saturated or unsaturated cyclic groups having from 4 to 15 carbon atoms. 

Particular preference is given to the radicals R^ and R^ being identical and each being hydrogen 
- 15 and R"^ and R^ being as defined above. 

The substituents R^ and R® are. according to the present invention, identical or different and are 
each hydrogen, alkoxide -OR^\ thiolate SR^\ amine -N(R^^)2, -P(R^^)2. or Si(R^^)3, where R^^ are 
identical or different and are each Ci-Cio-alkyl. Cs-Cio-cycloalkyl. in particular 3- to 8-membered 
20 cycloalkyi which may in turn bear a Ci-Cio-alkyl radical such as methyl, ethyl or propyl as sub- 
stituent. Examples of such cycloalkyi radicals are cyclopropyl, cyclopentyl. preferably cyclohexyl, 
norbornyl. Furthermore, R^^ may also be a halogen-substituted alkyi or cycloalkyi radical, for ex- 
ample trifluoromethyl, pentafluoroethyl, heptafluoropropyl or heptafiuoroisopropyl. 

25 R^ and R® are preferably alkoxide -OR", thiolate -SR" or amine -N(R")2, where R" is methyl, 
ethyl, n-propyl, isopropyl, tert-butyl, cyclopropyl, cyclopentyl, cyclohexyl, norbornyl. 

Very particular preference is given to R^^ being methyl. R^ and R® in the formula (I) are particularly 
preferably methoxy. ethoxy, isopropyloxy, tert-butyloxy. cyclopropyloxy or cyclohexyloxy. 

30 



35 
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Possible bridging units Y are the following: 

R12 R12 R12 R12 



M1 • W — • M1-CR2''2- 

- I II ■ . I . 

R12 R12 R12 . R12 

R12 R12 R12 R12 

10 C ' O M1 • C C 



R12 R12 R12 R12 



= BR^^ = AIR^^-Ge-, -Sn-. -0-, -S- = SO, = SO2, = NR^^ = CO. = PR^^ or = 



15 P(0)R^^ 



where R^^ are identical or different and are each a hydrogen atom, a halogen atom, a Ci-Ci(r- 
alkyl group, a Ci-Cicr-fluoroalkyl group, a Ce-Cio-fluoroaryl group, a Ce-Cio-aryl group, a Ci- 
Cio-alkoxy group, a C2-Cio-alkenyl group, a C7-C4o-arylalkyl group, a C8-C4o-arylalkenyl group 
20 or a C7-C4o-alkylaryl group or R^^ and R^^or R^^ and R^^ in each case together with the atoms 
connecting them form a ring, and is silicon, germanium or tin. 

Preferred bridging units Y are methylene -CH2-, S, O, -C(CH3)2-; the bridging units Y are very 
particularly preferably identical and are oxygen -0-. 

25 

The bridged transition metal complexes (I) are generally prepared by methods known to those 
skilled in the art. 

The synthesis of the bridged transition metal phenoxide complexes is described, for example, in 
30 C. J. Schaverien, J. Am. Chem. Soc. (1995), pages 3008 to 3012. A well-suited procedure has 
been found to be the following, which is generally carried out in the temperature range from -78 to 
1 lO^'C, preferably initially at about 20^*0 and the reaction is then completed by boiling under re- 
flux. The biphenol is firstly deprotonated in a solvent, for example tetrahydrofuran (THF), for ex- 
ample by means of sodium hydride or n-butyllithium. and the transition metal compound, for ex- 
35 ample the halide such as titanium tetrachloride, zirconium tetrachloride or hafnium tetrachloride, 
advantageously In the form of the bis-THF adduct, is subsequently added. After the reaction is 
complete, the product is generally obtained by crystallization after salts have been separated off. 



40 



The bridged transition metal complexes (1) of the present invention generally still contain from 1 to 
4 equivalents of a Lewis base which is generally introduced via the synthetic route. Examples of 
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such Lewis bases are ethers such as diethyl ether or tetrahydrofuran (THF) and also amines such 
as TMEDA. However, the transition metal complexes can also be obtrained free of Lewis bases, 
for example by drying under reduced pressure or by choice of other solvents in the synthesis. 
Such measures are known to those skilled in the art. 

The novel racemic ansa-metallocene biphenoxide complexes of the formula (II) are prepared by 
reacting the bridged transition metal complexes (I) with cyclopentadienyt derivatives of the alkali 
metals or alkaline earth metals and subsequently heating the resulting reaction mixture, in the 
presence or absence of free radicals or free radical formers, as described below. 



Preference is given to using transition metal complexes (I) in which M is zirconium and the radi- 
cals and have the above-described, preferred meanings. Very well suited complexes (I) are 
dichlorozirconium 3,3'-di-tert-butyl-5,5'-dimethoxy-1,1*-bi-2-phenoxide, dichlorozlrconium 3,3'-di- 
tert-butyl-5,5'-diethoxy-1 , V-bi-2-phenoxide, dichlorozirconium 3,3'-di-tert-butyl-5,5'-dipropyloxy- 
15 1,1'-bi-2-phenoxide, dichlorozirconium 3,3'-di-tert-butyl-5,5 -dimethylthio-1,1'-bi-2-phenoxide, di- ' 
chlorozirconium 3,3'-dl-tert-butyl-5,5'-diethyIthio-1 , 1 ■-bi-2-phenoxide, dichlorozirconium 3.3'-di-tert- 
butyl-5.5*-dipropylthio-1,1'-bl-2-phenoxide and the zirconium biphenoxide compounds mentioned 
in the examples. 

20 Possible cyclopentadienyl derivatives of the alkali metals or alkaline earth metals are in principle 
those which after reaction with the bridged transition metal complexes (I) used according to the 
present invention selectively give racemic metallocene complexes which are virtually free of meso 
isomers. 



25 Well suited cyclopentadienyl derivatives of alkali metals or alkaline earth metals are compounds 
of the formula (III) 



10 




R15 



R14 



30 



R17 



Z 



35 



(III) 



where the substituents and indices have the following meanings: 



is Li. Na, K, Rb, Cs, Be. Mg, Ca, Sr, Ba. 
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where p = 1 in the case of Be. Mg, Ca, Sr, Ba and 
p = 2 in the case of Li. Na, K, Rb. Cs. and 

R''^ to R^^ are identical or different and are each hydrogen, Ci-C2o-alkyl, 5- to 7-mennbered cy- 
5 cloalkyi which may in turn bear a Ci-Cio-alkyl group as substituent, Ce-Cis-aryl or 

arylalkyi, where adjacent radicals may together form cyclic groups having from 4 to 
15 carbon atoms, or Si(R^®)3, where 

R^^ are identical or different and are each Ci-Cio-alkyi, Ce-Cis-aryl or Ca-Cio-cycloalkyl. 

10 and 



IS 




15 



where the radicals 

20 R^® to R^^ are identical or different and are each hydrogen, Ci-C2o-aikyl, 5- to 7-membered cy- 
cloalkyl which may in turn bear a Ci-Cio-alkyl group as substituent, Ce-Cis-aryl or 
arylalkyi. where adjacent radicals may together form cyclic groups having from 4 to 
15 carbon atoms, or Si{R^'*)3, where 
R^^ . are identical or different and are each Ci-Cno-alkyl, Ce-Cis-aryl or Ca-Cio-cycloalkyl. 

25 

or the radicals 

R^® and Z together form a -[T(R^^)(R^^)lm-E- group, where . 
30 T can be identical or different and is silicon, germanium, tin or carbon, 

R^^, R^^ are each hydrogen. Ci-Cio-alkyl, Cs-Cio-cycloalkyI or 
ID is 1, 2, 3 or 4, and 

35 



40 



LU6061 



14 



IS 



R23 



or A, where 



10 



IS 



\ or 



) 



:pr27 . 



where R^^ are identical or different and are each Ci-Cio-alkyl, Ce-Cns-aryl, Ca-Cio-cycloalkyI, 



15 



alkylaryl or Si(R^V 



where R are identical or different and are each Ci-Cicr-alkyl. Ce-Cis-aryl, Ca-Cio-cycloalkyl 
or alkylaryl. 

20 Preferred connpounds of the fornnula (III) are those in which is lithium, sodium and in particlar 
magnesium. Further preference is given to compounds of the formula (111 a) 



25 



30 



R15 R14 
/ R17 




R19 



pM2 



(III a) 

35 where all substituents are as defined above, and 



where 
P 



is an alkali metal ion or alkaline earth nnetal ion, 



is 1 when is an alkaline earth metal ion and is 2 when M' is an alkali metal ion. 



40 
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Particular preference is given to compounds of the fomnula (Ilia), in which M is magnesium and 
R^^ and R^^ are hydrogen or different substituents such as Ci-Cio-alkyl, e.g. methyl, ethyl, n- 
propyi, i-propyl, n-butyl, sec-butyl, tert-butyl, i-butyl, hexyl, also Ce-Cio-aryl such as phenyl or 
trlaikyisiiyi such as trimethylsiiyl, T(R^^R^^) is bis-Ci-Cio-alkylsilyl or bis-Ce-Cio-arylsilyl, e.g. dl- 
5 methylsilyl, diphenylsilyl, also 1,2-ethanediyl, methylene, and the radicals R^^ to R^® and R^® to R^' 
and p are as defined above and in particular form an indenyl-type ring system or a benzoindenyl- 
type ring system. 

Very particularly preferred compounds III are those which are described in the examples and also 

10 

dimethylsilanediylbis(3-tert-butyl-5-methylcyclopentadienyl)magnesium 

diethylsllanediylbis(3-tert-butyl-5-methylcyclopentadienyI)magneslum 

dimethylsiIanediylbis(3-tert-butyI-5-ethylcyclopentadienyl)magnesium 

dimethylsilanediylbis(3-tert-pentyl-5-methylcyclopentadienyl)magnesium 
1 5 dimethylsilanediylbis(2,4,7-trimethylindenyl)magnesium 

1 ,2-ethanediylbis(1-{2,4,7-trimethylindenyl)}magnesium 

dimethylsilanediylbis(1-indenyl)magnesium 

dimethylsilanediylbis(4,5.6,7-tetrahydro-1-indenyl)magnesium 

dimethylsilanediylbis(2-methylindenyl)magnesium 
20 phenyl(methyl)silanediylbis(2-methylindenyl)magnesium 

diphenylsilanediylbis(2-methylindenyl)magnesium 

dimethylsi!anediylbis(2-methyl-4,5,6,7-tetrahydro-1-indenyl)magnesium 

dimethylsilanediylbis(2,4-dimethyl-6-isopropylindenyl)magnesium 

dimethylsilanediylbis(2-methyl-1-benzindenyl)magnesium 
25 dimethylsilanediylbis(2-ethyl-1-ben2indenyl)magnesium 

dimethylsilanediylbis(2-propyl-1-benzindenyl)magnesium 

dimethylsilanedlylbis(2-phenyl-1 -benzindenyl)magnesium 

diphenylsilanediylbjs(2-methyl-1-benzindenyl)magnesium 

phenylmethylsilanediylbis(2-methyl-1-ben2indenyl)magnesium 
30 ethanediylbis(2-methyl-1 -benzindenyl)magnesium 

dimethylsiIanediylbis(2-methyl-1-tetrahydrobenzindenyl)magnesium 

dimethylsilanediylbis(2-methyl-4-isopropyl-1-indenyl)magnesium 

dimethylsilanediylbis(2-methyI-4-phenyl-1-indenyl)magnesium 

dimethylsilanediylbis(2-methyl-4-naphthyl-1-indenyl)magnesium 
35 dimethylsilanediylbis(2-methyl-4-{3,5-trifIuoromethyl}phenyl-1-indenyl)magnesium 

dimethylsilanediylbis{2-ethyl-4-isopropyl-1-lndenyl)magnesium 

dimethylsilanediylbis(2-ethyl-4-phenyl-1-indenyl)magnesium 

dimethylsilanediylbis(2-ethyl-4-naphthyMHndenyl)magnesium 

dlmethylsilanediylbis{2-ethyl-4-{3,5-trifluoromethyl}phenyl-1-indenyl)magneslum 
40 ethanediylbis(2-methyl-4-phenyl-1-indenyl)magnesium 
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ethanediylbis(2-methyM-naphthyl-1-indenyl)magnesium 
ethanediylbis(2-methyl-4^3.5-<li-(trifluoromethyl)}phenyl-1-indenyl)m 
dimethylsilanediylbis(2-methyl— 4-(4'-tert-butylphenyl)indenyl)magnesium 
dimethylsllanediylbis(2-methyM-(4Mert-butylphenyl)indenyl)(2-isopropyl--4-(4Me 

5 phenyl)indenyl)magneslunn 

.dimethylsilanediylbis(2-cyclohexyl-4-phenylindenyl)magnesium 
dimethylsilanediylbis(2-butyl-4--phenyllndenyl)magnesiurn 
dimethylsilanediylbis(2-ethyl--4-(4'-tert-butylphenyl)indenyl)magnesium 
dimethylsilanediylbis(2-propyI--4-(4Mert-butylphenyl)indenyl)magnesium 

10 dimethylgermanediylbis(2-methyl-4-(4-tert-butylphenyl)indenyl)magnesium 
diethylsilanediylbis(2-methyl-4-(4Mert-butylphenyl)indenyl)magnesium 
dimethylsilanediyIbis(2-butyl-4-(4'-tert-butylphenyl)indenyl)magnesium 
dimethylsllanediyl(2~methyl-4-(4'-tert-butylphenyl)indenyl)-(4-- (4'-tert-butyl- 
phenyl)indenyl)magnesium ^ 
- 15 dimethylsilanediylbis(2~butyl-4--(4Mert-butylphenyl--6-(4Mert-butylphenyl)indenyO 
dinriethylsilanediylbis(2-isopropyl--4-(4'-tert--butylphenyl)indenyl)magnesiunri 
dimethylsilanediylbis(2-lsopropyl^-(4'-tert-butylphenyl)indenyl)magnesiurn 
dimethylsilanediyl(2-ethyl--4--(4-tert-butylphenyl)indenyl)-2-isopropyl--4--(4-^^ 
phenyl)indenyl)magnesium 

20 dimethylsilanediyl(2-methyl-4-naphthylindenyl)(2-isopropyl-4-(4Mert-b 
phenyl)indenyl)nnagnesium 
and 

dimethylsilanediylbis(3-tert-butyl-5-methyIcyclopentadienyl)dilithium 

diethylsilanediylbis(34ert-butyl-5-methylcyclopentadienyl)dilithium 
25 dimethylsilanediylbis(3-tert-butyl-5-ethylcyclopentadienyl)dilithium 

dimethylsilanediylbis(3-tert-pentyl-5-methylcyclopentadienyl)dilithium 

dimethylsilanediylbis(2.4,7-trimethylindenyl)dilithium 

1 .2-ethanedlylbis(1-{2,4,7-trimethylindenyl)}dilithium 

dimethylsilanediylbls(1 -indenyOdiiithium 
30 dimethyIsilanediylbis(4,5,6,7-tetrahydro-1-indenyl)dilithium 

dimethylsilanediylbis(2-methylindenyl)dilithium 

phenyl(methyl)silanediylbis(2-methyllndenyl)dilithium 

diphenylsilanediylbis(2-methylindenyl)dilithium 

dimethylsilanediylbis(2-methyl-4.5,6.7-tetrahydro-1-indenyl)dilithium 
35 dimethy!silanediylbis(2.4<limethyl-6-lsopropylindenyl)dilithium 

dimethylsilanediylbis(2-methyl-1-benzindenyl)dllithiunn 

dimethylsilanediylbis(2-ethyl-1-benzindenyl)dilithium 

dimethylsilanediylbis(2-propyl-1-benzindenyl)dilithium 

dimethylsilanediylbis(2-phenyl-1-ben2indenyl)dilithiunn 
40 diphenylsilanediylbis(2-nnethyl-1-ben2indenyl)dilithium 
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phenylmethylsilanediylbis(2-nnethyl-1-benzindenyl)dilithium 

ethanediylbis(2-methyl-1-benzindenyl)dilithium 

dinnethylsilanediylbis(2-methyl-1-tetrahydrobenzindenyl)dilithium 

dimethylsiIanediylbis(2-methyl-4-isopropyl-1-indenyl)dilithium 
5 dimethylsilanediylbis(2-methyl-4-phenyl-1 -indenyl)dilithium 

dimethylsllanediylbis(2-methyI-4-naphthyl-1-indenyl)dilithium 

dimethylsilanediylbis(2-methyl-4-{3,5-trifluoromethyl}phenyl-1-indenyl)dili^^ 

dimethylsilanediylbis(2-ethyl-4-isopropyl-1-indenyl)dilithlum 

dimethylsilanediylbis(2-ethyl-4-phenyl-1-indenyl)dilithium 
10 dimethylsilanediylbis(2-ethyl-4-naphthyl-1-indenyl)dilithium 

dimethylsilanediylbis(2-ethyl-4-{3.54rifluoromethyl}phenyl-1-indenyl)dilrt^ 

ethanediylbis(2-nnethyI-4-phenyl-1-indenyl)dilithium 

ethanediylbis(2-methyl-4-naphthyl-1-indenyl)dilithium 

ethanediylbis(2-methyl-443,5-di(trifluoromethyl)}phenyl-1-indenyI)dih 
1 5 dimethylsilanediylbis(2-methyl— 4-(4'-tert-butylphenyl)indenyl)dilithium 

dimethylsilanediylbis(2-methyl— 4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4-(4Mert-buty 

phenyl)indenyl)djlithium 

dimethylsilanediylbis(2-cyclohexyl^-phenylindenyl)dilithium 

dimethylsilanediylbis(2-butyl— 4-phenylindenyl)dilithium 
20 dimethylsilanediylbis(2-ethyl-4-(4'-tert-butylphenyl)indenyl)dilithium 

dimethylsilanediylbis(2-propyI^-(4'-tert--butylphenyl)indenyl)dilithium 

dimethylgermanediylbis(2-meth-4~(4'-tert--butylphenyl)indenyl)dilithium 

diethylsllanediylbis(2-methyl^-(4Mert-butylphenyl)indenyl)dilithium 

dimethylsilanediylbis(2-butyl-4-(4'-tert-butylphenyl)indenyl)dilithium 
25 dimethylsilanediyl(2-methyl^-(4Mert-butylphenyl)indenylH4-(4'-tert-butyl- 

phenyl)indenyl)dilithium 

dimethylsilanediylbis(2-butyl-4-(4Mert-butylphenyl-6-(4- tert-buty!phenyl)indenyl)dilit^ 
dlmethylsilanediylbis(2-isopropyl^-(4Mert-butylphenyl)indenyl)dilithium 
dimethylsilanediylbis(2-isopropyl-4-(4'-tert-butylphenyl)indenyl)dilithium 
.30 dimethylsilanediyl(2-ethyl-4-(4-tert-butylphenyl)indenyl)-2-isopropyl-^(4'-tert-buty 
phenyl)indenyl)dilithium 

dimethylsilanediyl(2-nnethyl-4-naphthylindenyl)(2-isopropyl-4-(4'-tert-butyl- 
phenyl)indenyl)dilithium, 

35 and also the respective Lewis base adducts of these compounds with, for example, THF, DME, 
TMEDA. 

Such alkali metal or alkaline earth metal compounds 111 can be obtained by methods known from 
the literature, for example by the preferably stoichiometric reaction of an organometallic com- 
40 pound or a hydride of the alkali metal or alkaline earth metal with the appropriate cyclopentadi- 
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enyl-type hydrocarbon. Suitable organometallic compounds are, for example, n-butyllithium, di-n- 
butylmagnesium or (n,s)-dibutylmagnesium. 

The reaction of the transition metal complexes (I) with the cyclopentadienyl derivatives of alkali 
5 metals or alkaline earth metals, preferably those of the formula 111 or III a), usually takes place in 
an organic solvent or suspension" rri^dium, preferably in a solvent mixture comprising a Lev^is- 
basic solvent, in the temperature range from -78''C to 250°C, preferably from 0 to 110**C. Well 
suited solvents are aliphatic hydrocarbons such as pentane. hexane, heptane, aromatic-hydrocar- 
bons such as toluene, ortho-, meta- or para-xylene or isopropylbenzene (cumene). ethers such as 
10 tetrahydrofuran (THF), diethyl ether, methyl tert-butyl ether or dimethoxyethane (DME), amines 
such as diisopropylamine, tetramethylethanediamine (TMEDA) or pyridine. 

Well suited solvent mixtures are mixtures of toluene and THF, toluene and DME or toluene and 
TMEDA, with the Lewis base generally being present In an amount of from 0.1 to 50 mol%, pref- 
15 erably from 1 to 20 mol%, based on the solvent mixture. The molar ratio of the transition metal 
complex (I) to the cyclopentadienyl derivative of an alkali metal or alkaline earth metal (III) is usu- 
ally in the range from 0.8 : 1 to 1 : 1.2, preferably 1:1. 

It has been found that subsequent heating of the reaction mixture, to temperatures in the range . 
20 from -78 to 250°C, preferably from 20 to 150°C and in particular from 80 to 1 10**C, and optionally 
in the presence of free radicals or free radical formers quickly leads to a high yield, in general 
from 80 to 100%, preferably from 95 to 100%. of racemic biphenoxide complexes (II) in short re- 
action times. 

25 Free radicals which may be mentioned are oxygen, 2,2-6,6'-tetramethylpyrimidine N-oxide 

(TEMPO). Suitable free radical formers are all organic and inorganic compounds which decom- 
pose in the abovementioned temperature range and/or on irradiation to form free radicals, e.g. 
peroxides, diacyl peroxides such as benzoyl peroxide or acetyl peroxide, peroxydicarbonates, 
peresters, azoalkanes, nitrites, hypochlorites, polyhalomethanes, N-chloramines. Particular pref- 

30 erence is given to using TEMPO. Free radical formers are preferably used when the metallocene 
(1) contains a benzo-fused indenyl system such as dimethylsilylbis(2-methylbenzoindenyl) as cy- 
clopentadienyl-type ligahd. 

Furthermore, it has been found that the process of the present invention can be carried out as a 
35 "single-vessel process" starting from the cyclopentadiene derivatives without isolation of interme- 
diates, and the process proceeds racemoselectively in high total yields under these conditions. 
Particular preference is therefore given to carrying out the process of the present invention start- 
ing from the cyclopentadiene derivatives without isolation of intermediates after the individual 
process steps. 

40 
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In a particularly preferred embodiment, the process of the present invention therefore comprises 
the following successive steps: 

a) deprotonation of cyclopentadiene compounds of the formulae (IVa) and (IVb) 



10 



R15 




and 




R19 



15 R'^ R 



20 



'^ R^^ 



18 



R 



R^^ r2°. 



25 R 
b) 

30 



24 



by means of a suitable deprotonating agent, where 

R , R are identical or different and are each hydrogen, C1-C20- alkyi, 5- to 
7-membered cydoalkyl which may in turn bear a Ci-Cio-alkyl group as substituent. 
Ce-Cis-aryl or arylalkyi, where adjacent radicals may together form cyclic groups 
having from 4 to 15 carbon atoms, or Si(R^®)3, where 

are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl or Ca-Cio-cycloalkyI, 
and 

R^^ are identical or different and are each hydrogen, Ci-C2o-alkyl. 5- to 
7-membered cycloalkyi which may in turn bear a Ci-Cio"alkyl group as substituent, 
Ce-Cis-aryl or arylalkyi, where adjacent radicals may together form cyclic groups 
having from 4 to 15 carbon atoms, or Si(R^^)3, where 

are identical or different and are each Ci-Cio"alkyli Ce-Cis-aryl or C3-Cio"Cycloalkyl, 



reaction of the deprotonated compounds (IVa) and (IVb) with a compound 
[T(R^^)(R^®)]mHal2. where Hal is a halogen substituent such as F, CI, Br or I, and sub- 
sequent repeat deprotonation by means of a suitable deprotonating agent to form a 
compound of the formula (Ilia) 



35 



40 
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where 

15 where 
P 



T 
R 

20 m 



R15 R14 

/ R17 




pM2. 



(Ill a) 



is an alkali metal ion or alkaline earth metal ion, 

is 1 when is an alkaline earth metal ion and is 2 when is an alkali metal ion, 
and is as defined above, and 

can be Identical or different and are each silicon, germanium, tin or carbon, 
are each hydrogen, Ci-Cio-alkyl. Ca-Cio-cycloalkyI or Ce-C-is-aryl, and 
is 1, 2, 3 or 4; 



c) 



25 



reaction of the compound of the formula (Ilia) with a transition metal complex of the 
formula (I) 

> 

R3 R4 R5 R6 



30 




(I). 

where the substituents and indices are as defined above. 



35 Suitable deprotonating agents include, as indicated above, strong bases and are selected from 
among n-butyllithium, tert-butyllithium. sodium hydride, potassium tert-butoxide, Grignard rea- 
gents of magnesium, magnesium compounds such as, in particular, di-n-butylmagnesium, (n,s)- 
dlbutylmagnesium and other suitable alkaline earth metal alky! or alkali metal alkyi compounds. 
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The racemic metallocene complexes of the present invention are preferably compounds of the 
fomriula (II) 



10 




(II). 

15 where Y, M and to are as defined above, and 



20 



R^^ to R^^ are identical or different and are each hydrogen, Ci-C2o-alkyl, 5- to 7-membered cy- 
cloalkyl which may in turn bear a CV-Cio-alkyl group as substituent, Ce-Cis-aryl or 
arylalkyi, where adjacent radicals may together form cyclic groups having from 4 to 
15 carbon atoms, or Si(R^®)3, where 



,18 ' 



are identical or different and are each Ci-Cio-aikyl, Ce-Cis-aryl or Ca-Cio-cycloalkyI, 
and 



25 Z 



30 



is 



R23 




R19 



R20 



where the radicals 



35 



R^^ to R^^ are identical or different and are each hydrogen, Ci-Cao-alkyI, 5- to 7-membered cy- 
cloalkyl which may in turn bear a Ci-Cio-alkyl group as substituent, Ce-Cis-aryl 
or arylalkyi. where adjacent radicals may together form cyclic groups having from 
4 to 1 5 carbon atoms, or Si(R^^)3, where 



324 



are identical or different and are each Ci-Cio-alkyl. Cs-Cis-aryl or Ca-Cio-cycloalkyl. 
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or the radicals 

R^^ and Z together form a -[T(R^^)(R^^)]m-E- group, where 
5 T can be identical or different and are each silicon, germaniunn, tin or carbon. 

R^^. R^® are each hydrogen, Ci-Cio-alkyl, Cs-Cio-cycloalkyI or Cs-Cis-aryl 
m Is 1. 2. 3 or 4, and 

10 



IS 



R23 



15 y^^^ 

R21/ R20 



or A, where 



A is 



. S ' \r27 %R27 

or / , 

where R^^ are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl, Ca-Cio-cycloalkyI, 
25 alkylaryl or Si(R^% 

where R^® are identical or different and are each Ci-Cio-alkyl. Cg-Cis-aryl, Cs-Cio-cycloalkyI 
oralkylaryl. 

30 Preferred compounds of the formula (II) are those in which M is titanium, hafnium and in particular 
zirconium. Preference is also given to bridged compounds of the formula (II), particularly prefera- 
bly ansa-metallocenes, in which R^^ and R^^ are substituents other than hydrogen, e.g. C1-C10- 
alkyl, such as methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, tert-butyl, i-butyl, hexyl, also Cg- 
Cio-aryl such as phenyl or trialkylsilyl such as trimethylsilyl, T(R^^R^®) is bis-Ci-Cio-alkylsilyl or bis- 

35 Ce-Cio-arylsilyl. e.g. dimethylsilyl. diphenylsllyl, also 1 .2-ethanediyl. methylene, and the radicals 
R^^ to R^^ and R^® to R^^ are as defined above and in particular form an indenyl-type ring system 
or a benzoindenyl-type ring system. 

Very particularly preferred compounds II are those which are described in the examples and also 

40 
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dimethylsilanediylbis(3-tert-butyl-5-methylcyclopentadienyl)zirconium 3,3'-di-tert-butyl-5,5- 
dimethoxy-1 , 1 '-bi-2-phenoxide; 

diethylsilanediylbis(3-tert-butyl-5-methylcyclopentadienyl)zirconium 3.3-di-tert-butyl-5,5- 
dimethoxy-l , 1 '-bi-2-phenoxide; 
5 dimethylsilanediylbis(3-tert-butyl-5-ethylcyclopentadienyl)zirconium 3,3'-di-tert-butyl-5.5*- 
dimethoxy-1 , 1 '-bi-2-phenoxide; 

dimethylsilanediylbis(3-tert-pentyl-5-methylcyclopentadienyl)zirconium 3,3'-di-tert-butyl-5,5- 
dimethoxy-1 , 1 '-bi-2-phenoxide; 

dimethylsilanediylbis(2,4,7-trimethylindenyl)zirconium 3,3'-di-tert-butyl-5,5'-dimethoxy-1,1 -bi-2- 
10 phenoxide; 

1 ,2-ethanediylbis(1-{2,4,7-trimethylindenyl)}zirconiunn 3,3'-di-tert-butyl-5,5'-dimethoxy-1 .1 -bi-2- 
phenoxide; 

dimethylsilanediylbis(1-indenyl)zirconium 3,3'-di-tert-butyl-5,5'-dimethoxy-1,1'-bi-2-phenoxide; 
dimethylsilanediylbis(4,5,6,7-tetrahydro-1-indenyl)zirconium 3.3'-di-tert-butyl-5,5Vdinnethoxy-1,V- 
15 bi-2-phenoxide; 

dimethylsilanediylbis(2-methylindenyl)zirconium 3.3'-di-tert-butyl-5,5-dinnethoxy-1,1 -bi-2- 
phenoxide; 

phenyl(methyI)silanedlylbis(2-methy!lndenyl)zirconium 3,3*-di-tert-butyl-5,5'-dimethoxy-1.r-bi-2- 
phenoxide; 

20 diphenylsilanediylbis(2-methylindenyl)zirconium 3.3-di-tert-butyl-5.5'-dimethoxy-1.r-bi-2- 
phenoxide; 

dimethylsilanediylbis(2-methyl-4.5.6,7-tetrahydro-1-indenyl)zirconiurn 3,3-di-tert-butyl-5.5'- 
dimethoxy-1,1'-bi-2-phenoxide; 

dimethy!silanediylbis(2,4-dimethyl-6-isopropylindenyl)zirconium 3,3'-di-tert-butyl-5,5-dimethoxy- 
25 1,r-bi-2-phenoxide; 

dimethylsilanedlylbis(2-methyl-1-benzindenyl)zirconium 3,3-di-tert-butyl-5,5'-dimethoxy-1,r-bi-2- 
phenoxide 

dimethylsilanediylbis(2-ethyl-1-benzindenyl)zirconium 3,3'-di-tert-butyl-5,5'-dimethoxy-1 ,1 -bi-2- 
phenoxide; 

30 dimethylsilanediylbls(2-propyl-1-benzindenyl)zirconium 3,3-di-tert-butyl-5.5'-dimethoxy-1.V-bi-2- 
phenoxide; 

dimethylsilanediylbis(2-phenyl-1-benzindenyl)zirconium 3,3-di-tert-butyl-5,5'-dimethoxy-1.1'-bi-2- 
phenoxide; 

diphenylsilanediylbis{2-methyl-1-benzindenyl)zirconium 3,3'-di-tert-butyl-5,5'-dimethoxy-1,1 -bi-2- 
35 phenoxide; 

phenylmethylsilanediylbis(2-methyl-1-benzindenyl)zirconium 3,3-di-tert-butyI-5,5'-dimethoxy-1.1 - 
bi-2-phenoxide; 

ethanediylbis(2-methyl-1-benzindenyl)zirconium 3,3-di-tert-butyl-5,5-dimethoxy-1.r-bi-2- 
phenoxide; 

40 dimethylsilanediylbis(2-methyl-1-tetrahydrobenzindenyl)zirconium 3,3'-dl-tert-butyl-5.5'-dimethoxy- 
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1 . 1 '-bi-2-phenoxide; 

dimethylsilanediylbis(2-methyl-4-isopropyl-1-indenyl)zirconium 3.3'-di-tert-butyl-5.5'-dimethoxy- 
1,1'-bi-2-phenoxide; 

dimethylsiIanediylbis(2-methyl-4-phenyl-l-indenyl)2irconium 3,3'-di-tert-butyl-5,5-dimethoxy-1.r- 
5 bi-2-phenoxlde; 

dirTiethylsilanediy!bis(2-methyl-4-naphthyl-1-indenyl)zirconium 3,3'-di-tert-butyl-5,5-dimethoxy- 
1,1'-bi-2-phenoxide; 

dimethylsilanediylbis(2-methyl-4-{3,5-trifluoromethyl}phenyl-1-indenyl)zi 3,3'-di-tert-butyl- 
5,5'-dimethoxy-1,1'-bi-2-phenoxide; 
. 10 dimethylsilanediylbis(2-ethyl-4-isopropyl-1-indenyl)2irconium 3.3*-di-tert-butyl-5,5 -dimethoxy-l ,1 - 
bi-2-phenoxide; 

dinnethylsilanediylbis(2-ethyM-phenyl-1-indenyl)2irconium 3,3'-di-tert-butyl-5.5-dimethoxy-1.r-bi- 

2-phenoxide; 

dimethylsilanediylbis(2-ethyl-4-naphthyl-1-indenyl)zirconium 3,3'-di-tert-butyl-5,5'-dimethoxy-1,r- 
15 bi-2-phenoxide; 

dimethylsilanediylbis(2-ethyI-4-{3,54rifluoromethyl}phenyl-1-indenyl)zirc^ 3,3'-di-tert-butyl- 
5,5'-dimethoxy-1 ,1 -bi-2-phenoxide; 

ethanediylbis(2-methyl-4-phenyl-1-indenyl)zirconium 3.3'-di-tert-butyl-5,5'-dimethoxy-1,r-bi-2- 
phenoxide; 

20 ethanediylbis(2-methyl-4-naphthyl-1 -indenyl)2irconium 3.3'-di-tert-butyl-5,5*-dimethoxy-1 . 1 •-bi-2- 
phenoxide; 

ethanediylbis(2-methyl-443,5-di(trifluoromethyl)}phenyl-1-indenyI)zirconium 3,3'-di-tert-butyl-5,5'- 
dlmethoxy-1,1'-bi-2-phenoxlde; 

dimethylsiIanediylbis(2-rnethyl^-(4'-tert-butylphenyl)indenyl)2irconium 3.3-di-tert-buty!-5,5'- 
25 dimethoxy-1 , 1 -bi-2-phenoxide; 

dimethylsilanediyl(2-methyl-4-(4Mert-butylphenyl)indenyl)(2-isopropyl-4-(4-tert^^ 
phenyl)indenyl)zirconium 3,3-di-tert-butyl-5.5'-dimethoxy-1.1 -bi-2-phenoxide; 
dimethylsilanediylbis(2-cyclohexyl-4-phenylindenyl)zirconlum 3,3'-di-tert-butyl-5,5*-dimethoxy- 
1 , 1 -bi-2-phenoxide; 

30 dimethylsilanediylbis(2-butyl-4-phenylindenyl)2irconium 3,3'-di-tert-butyl-5,5 -dimethoxy-1, r-bi-2- 
phenoxide; 

dimethylsilanedly(bis(2--ethyl-4-(4'-tert-butylphenyl)indenyl)zirconium 3.3'-di-tert-butyl-5,5'- 
dimethoxy-1,1'-bi-2-phenoxlde; 

dimethylsilanediylbis(2~propyl-4~(4Mert-butylphenyl)indenyl)zirconium 3.3'-di-tert-butyl-5.5'- 
35 dimethoxy-1 ,1 -bi-2-phenoxide; 

dimethylgermanediylbis(2-methyl-4-(4-tert-butylphenyl)indenyI)zirconium 3.3'-di-tert-butyl-5;5'- 
dimethoxy-1 . 1 -bi-2-phenoxide; 

diethylsilanediylbis(2-methyl^M4'-tert-butylphenyl)indenyl)zirconium 3.3'-di-tert-butyl-5.5'- 
dimethoxy-1 , 1 '-bi-2-phenoxide; 
40 dimethylsilanediylbis(2-butyl-^-(4-tert-butylphenyl)indenyl)2irconium 3.3-di-tert-butyl-5,5'- 
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dimethoxy-1 , 1 -bi-2-phenoxide; 

dimethylsilanediyl(2-methyl-4-(4 -tert-butylphenyl)indenyl)-4- (4 -tert-butyl- 
phenyl)indeny!)zirconium 3,3'-di-tert-butylT5,5'-dimethoxy-1,r-bi-2-phenoxide; 
dinriethylsilanediylbis(2-butyM-(4-tert-butylphenyl)-6- (4-tert-butylphenyl)indenyl)zirconiunn 
5 3.3'-di-tert-butyl-5,5'-dimethoxy-1 ,r-bi-2-phenoxide; 

dimethylsiIanediylbis(2Hsopropyl-4-(4Mert-butylphenyl)indenyl)zirconium 3,3'-di-tert-butyl-5,5 - 
dimethoxy-1 , 1 '-bi-2-phenoxide; 

dlmethylsilanediyl(2-ethyl-4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4~(4M^^ 
phenyl)indenyl)zirconium 3.3'-di-tert-butyl-5,5*-dimethoxy-1,r-bi-2-phenoxide; and 
1 0 dimethylsilanediyl(2-methyl-4-naphthylindenyl)(2-isopropyl- 4-^4*-tert-butyl- 
phenyl)indenyl)zirconium 3,3-di-tert-butyl-5,5'-dimethoxy-1.r-bi-2-phenoxide. 

The racemic metallocene complexes, preferably those of the formula (II). can generally be modi- 
fied further. 

15 

For example, the biphenoxide ligand in the complex It can, in particular, be replaced in a substitu- 
tion reaction and, if desired, be reused. Suitable substitution methods are reaction of the racemic 
metallocene complexes, preferably those of the formula (II), with SOCI2. silicon tetrachloride, 
methylaluminum dichloride. dimethylaluminum chloride, aluminum trichloride, dialkylaluminum 

20 chlorides, aluminum sesquichlorides, particularly preferably ethylaluminum dichloride, or a BrGn- . 
sted acid such as a hydrogen halide, i.e. HF. HBr. HI, preferably HCI, which is generally employed 
as such or as a solution in water or organic solvents such as diethyl ether, THF. Well suited sol- 
vents are aliphatic hydrocarbons such as pentane, hexane, heptane, aromatic hydrocarbons such 
as toluene, ortho-. meta- or para-xylene or isopropylbenzene (cumene), ethers such as tetrahy- 

25 drofuran (THF), diethyl ether, methyl tert-butyl ether or dimethoxyethane (DME), amines such as 
diisopropylamine, tetramethylethanediamine (TMEDA) or pyridine. 

Very useful solvents are Lewis base-containing solvent mixtures of hydrocarbons and ethers or 
amines or both, for example mixtures of toluene and THF, toluene and DME or toluene and 

30. TMEDA. with the Lewis base generally being present in an amount of 0.01-50 mol%, preferably 
0.1-10 mol%, based on the solvent mixture. Particularly well suited "replacement reagents" are 
carboxylic acid halides such as acetyl chloride, phenylacetyl chloride, 2-thiophenacetyl chloride, 
trichloroacetyl chloride, trimethylacetyl chloride, O-acetylmandelyl chloride, 1,3.5-benzenetricar- 
boxylic chloride, 2,6~pyridinecarboxylic chloride, tert-butylacetyl chloride, chloroacetyl chloride, 

35 4-chlorophenylacetyl chloride, dichloroacetyl chloride. 3-methoxyphenylacetyl chloride, acetyl 
bromide, bromoacetyl bromide, acetyl fluoride, benzoyl fluoride, with these generally being used 
in the abovementioned solvents or else as such. 

This substitution reaction usually gives the dihalide analogous to the compound of the formula (II). 
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A further weir suited substitution method is the reaction of the racemic nrietallocene complexes of 
the formula (II) with organoaluminum compounds such as tri-Ci-Cio-alkylaluminums. i.e. trimeth- 
ylaluminum, triethylaluminum, tri-n-butyialuminum, triisobutylaluminum. According to the present 
state of knowledge, this generally gives the organo compound analogous to II (organic radicals in 
5 place of the biphenoxide, e.g. Ci-Cio-alkyl, such as methyl, ethyl, n-butyl, i-butyl) and, for exam- 
ple, the organoaluminum binaphthoxide. - ~ 

In the substitution reactions, the components are usually used in the stoichiometric, ratio, de- 
pending on whether a monosubstituted or disubstituted product is to be obtained. 

10 

The substitution reactions generally take place with retention of the stereochemistry of the metal- 
locene complexes, i.e. it is generally the case that no conversion of the racemic form into the 
meso form of the metallocene complexes takes place. Rather, particularly in the case of the 
above-described chlorination methods, the rac selectivity can be increased while generally.re- 
15 taining the stereochemistry of the starting biphenoxide complexes. 

The process of the present invention makes it possible for the rac form of metallocene biphenox- 
ide complexes and also the ansa-metallocenes obtainable therefrom to be obtained very selec- 
tively. Bridged indenyl- or benzoindenyl-type metallocenes which have a ligand other than hydro- 
20 gen in the vicinity of the bridging unit (namely the 2 position) can be obtained particularly advan- 
tageously from the biphenoxide complexes of the present invention. 

The racemic metallocene complexes of the present invention, in particular those of the formula II 
or their above-described derivatives obtainable by, for example, replacement of the biphenoxide 

25 ligand, can be used as catalysts or in catalyst systems for the polymerization of olefinically un- 
saturated compounds such as ethylene, propylene, 1-butene, l-hexene. 1-oetene, styrene. They 
are particularly advantageous for the stereoselective polymerization of prochiral, olefinically un- 
saturated compounds such as propylene, styrene. Suitable catalysts or catalyst systems in whch 
the racemic metallocene complexes of the present invention can function as "metallocene com- 

30 ponent" are usually obtained by means of compounds capable of forming metallocenium ions, as 
described, for example, in EP-A-0 700 935, page 7, line 34 to page 8, line 21, and the formulae 
(IV) and (V) therein. Further compounds capable of forming metallocenium ions are aluminoxanes 
(RAIO)n such as methylaluminoxane. 

35 The racemic metallocene complexes of the present invention, in particular those of the formula 
(II) or their above-described derivatives obtainable by. for example, replacement of the biphenox- 
ide ligand, can also be used as reagents or as catalysts or in catalyst systems in stereoselective, 
in particular organic, synthesis. Examples which may be mentioned are stereoselective reductions 
or stereoselective alkylations of C=C double bonds or C=0. C=N double bonds. 
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Examples 

Abbreviations: 
5 bp = 1,1'-bi-2-phenoxicie 

bip = 3,3',5,5'-tetra-t-butyl-1,1'-bi-2-phenoxide 

bap = 3.3'-di-tert-butyl-5,5'-dimethoxy-1 ,r-bi-2-phenoxide 

General procedures: Preparation and handling of the organometallic compounds were carried out 
10 in the absence of air and moisture under argon (Schlenk technique or glove box). All solvents 
required were purged with argon and dried over molecular sieves before use. 

bpH2, is commercially available from Acros Organics (151995000), 3,5-di-t-butylphenol from 
Aidrich (D4, 850-8) and 3-t-butyl-5-methoxyphenol from Acros Organics (235235000). bipH2 and 
- 15 bapH2 were prepared as described in EP 35965. The silyl-bridged indenes were synthesized as 
described in US 4,985,576. 

Example 1: (cornparative example) Preparation of dimethylsilylbis(2-methyl-indenyl)2irconium 
20 3,3\5.5 -tetra-tert-butyl-1 . r-bi-2-phenoxide 

a) Preparation of ZrCl4(THF)2 

In a dry 500 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 8.52 g (36.56 mmol) of 
25 ZrCU were suspended in 125 ml of toluene. The suspension was cooled to about 4''C in an ice 
bath, and 7 g of THF were subsequently added slowly via the dropping funnel over a period of 15 
minutes. The resulting suspension was allowed to warm to room temperature and was stirred for 
one hour. 

b) Preparation of bipLi2 

30 In a dry 500 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 15.9 g (36.53 mmol) of 
bipH2 were dissolved in 150 ml of toluene and 7.0 g of THF. The solution was cooled to about 4°C 
in an ice bath and 27.5 ml of a BuLi solution were subsequently added via the dropping funnel 
over a period of 15 minutes. The reaction mixture was then allowed to warm to room temperature 

35 and was stirred for one hour. 

c) Preparation of (THF)2Cl2Zr(bip) 

The solution from step b) was transferred under nitrogen by means of a syringe into the suspen- 
sion from step a) at room temperature over a period several minutes. The residual bipLi2 was 
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rinsed in using 10 ml of toluene. The reaction nnixture was stirred at room temperature for 5 hours. 
The mixture was subsequently heated to 80**C. 

d) Preparation of Me2Si(2-Me-ind)Li2 

5 In a dry 1000 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 11.2 g (35.53 mmol) of 
dimethylsilylbis(2-methylindenyl) were suspended in 130 ml of toluene and 7.0 g of THF. At room 
temperature, 26.5 ml of a BuLI solution were slowly added dropwise over a period of 20 minutes 
while stirring. The resulting suspension was stirred at room temperature for a further 2 hours and 

10 subsequently heated to BO^'C. 

e) Preparation of Me2Si(2-Me-ind)2Zr(bip) 

The suspension from step c) was transferred at 80°C under nitrogen by means of a syringe into 
- 15 the suspension from step d) at 80*^0 over a period of several minutes. Residues of the zirconium 
compound from step c) were rinsed in using 10 ml of toluene. The resulting suspension was hea- 
ted to 100°C and stirred at this temperature for 2 hours. The reaction mixture was subsequently 
cooled to room temperature and stirred for another 60 hours. An ^H-NMR spectrum of the reaction 
mixture showed a rac/meso ratio of about 3:1. The reaction mixture was subsequently heated at 

20 100°C for a further 3 hours, after which the rac/meso ratio determined by means of ^H-NMR was 
about 5:1. The mixture was subsequently stirred at 100*^0 for a further 5 hours. The ^H-NMR 
spectrum of the reaction mixture then showed a rac/meso ratio of about 19:1 . The suspension 
was transferred while hot by means of a syringe to a glass filter frit No. 4 and filtered into a 
1000 ml round-bottom flask with stopcock. The precipitate was washed twice with 25 ml of toluene 

25 and the filtrate was subsequently concentrated at 40°C under reduced pressure. 360 ml of solvent 
were removed. The complex crystallized out at room temperature. After cooling at -20*'C for six 
days, the precipitate was filtered off. washed with 20 ml of toluene and dried under reduced pres- 
sure. This gave a total of 17.32 g of the target compound in pure rac form, as was established by 
means ^H-NMR. Yield: 50.4%. 

30 

Example 2: Preparation of dimethylsilylbis(2-methyrmdenyl)zirconium 3,3 -di-tert-butyl-5,5'- 
dimethoxy-1 , 1 'bi-2-phenoxide 

35 a) Preparation of ZrCl4(THF)2 

The preparation was carried out as described in step a) of Example 1 . but the amounts used were 
8.85 g of ZrCU (37.97 mmol). 1 15 ml of toluene and 7 g of THF. 
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b) Preparation of bapLia 

In a dry 500 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 13.61 g of bapH2 were 
5 dissolved in 1 15 ml of toluene and 7.0 g of THF. 29 ml of a 20% strength by weight BuLi solution 
were slowly added dropwise to the solution via the dropping funnel. After addition was complete, 
the mixture was stirred for one hour. 

c) Preparation of (THF)2Cl2Zr(bap) 
10 . 

The suspension from step a) was transferred under nitrogen by means of a syringe into the sus- 
pension from step c) at room temperature over a period of several minutes. Residues of bapLia 
were washed out using 10 ml of toluene and added. The reaction mixture was stirred at room 
temperature for three hours and subsequently heated to 80*'C. 

15 

d) Preparation of Me2Si(2-Me-ind)Li2 

This reaction step was carried out as In Example 1. d). The amounts used were 1 1.5 g 
(36.33 mmol) of dimethylsilylbis(2-methylindenyl). 1 15 ml of toluene and 7.0 g of THF. 28.0 ml of 
20 a 20% strength by weight BuLi solution were added. The mixture was subsequently heated to 
SOX. 

e) Preparation of Me2Si(2-Me-ind)2Zr(bap) 

25 The suspension from step c) was transferred at 80**C under nitrogen by means of a syringe into 
the suspension from step d) at 80**C over a period of several minutes. Residues of the zirconium 
compound were rinsed in using 10 ml of toluene. The resulting suspension was heated to 100**C 
and stirred at this temperature for three hours. ^H-NMR spectroscopy indicated complete isome- 
rization of the complex into the rac form. The reaction mixture was filtered through a glass filter 

30 frit No. 4 into a 1000 ml round-bottom flask with stopcock and the filtrate was concentrated at 
40''C under reduced pressure. 370 ml of solvent were removed. The target complex crystallized 
out at room temperature and was isolated by decantation and dried under reduced pressure. This 
gave a total of 17.59 g of the target complex in the pure rac form. Yield: 63.5%. 

35 Comparison of Examples 1 and 2 shows that for an identical bisindenyl llgand, the metallocene 
biphenoxide complex can be obtained in a significantly shorter reaction time when using the 
process of the present invention. Furthermore, the metallocene biphenoxide complex of the pre- 
sent invention can be isolated in higher yield in a simple manner at room temperature in Example 
.2. The introduction of the polar methoxy substituents on the biphenoxide substituent alters the 

40 electronic structure of the ligand so that the solubility of the resulting novel metallocene bi- 
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phenoxide',complex in toluene is significantly reduced compared to the tetra-tert-butyl-substituted 
biplienoxide connplex. which makes isolation considerably easier. 

Example 3: Preparation of dimethylsilylbis(2-methylbenzindenyl)zirconium 3,3',5.5'tetra-tert-butyl- 
5 1,1'-bi-2-phenoxide 

a) Preparation of ZrC^DME) 

In a dry 500 ml three-neck round-bottom flask which had been flushed with inert gas and was 
10 provided with a dropping funnel and vacuum connection with stopcock, 6.3 g (27.03 mmol) of 

ZrCU were suspended in 1 10 ml of toluene. The suspension was cooled to 4*C in an ice bath and 
6.0 g of DME were slowly added dropwise via the dropping funnel over a period of 15 minutes. 
The resulting suspension was allowed to warm to room temperature and was stirred for one hour. 

1 5 b) Preparation of bipLi2 

In a dry 500 mi three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 11.10 g (27.03 mmol) of 
bipH2 were dissolved in 200 ml of toluene and 6.0 g of DME. The solution was cooled to about 
4°C in an ice bath. 25 ml of a 20% strength by weight BuLI solution were subsequently added via 

20 the dropping funnel over a period of 15 minutes. The mixture was subsequently allowed to warm 
to room temperature and was stirred for a further one hour. The reaction mixture was heated to 
50°C, stirred at this temperature for 2 hours and cooled back to room temperature. 

c) Preparation of (THF)2Cl2Zr(bip) 

25 The suspension from b) was transferred under nitrogen by means of a syringe into the white sus- 
pension from step a) at room temperature over a period of several minutes. The residues of bipLi2 
were washed out using 10 ml of toluene and added. The reaction mixture was stirred at room 
temperature for 12 hours. Since ^H-NMR spectroscopy indicated that the reaction was not yet 
complete, the suspension was heated to 80**C. which virtually completed the reaction. 

30 

d) Preparation of Me2Si(2-Me-benzind)Li2 

In a dry 1000 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 10.70 g (25.68 mmol) of 
dimethylsilylbis(2-methylbenzindenyl) were suspended in 120 ml of toluene and 6.0 g of DME. At 
35 room temperature, 19.5 ml of a 20% strength by weight BuLi solution were slowly added dropwi- 
se over a period of 20 minutes. The suspension was heated to 80X and stirred for a further 2 
hours. 
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e) Preparation of Me2Si(2-Me-benzind)Zr(bip) 

The suspension from step c) was transferred at 80°C under nitrogen by means of a syringe into 
the suspension from step d) at 80°C over a period of several minutes. Residues of the zirconium 
compound were washed out using 10 ml of toluene and added. The resulting suspension was 
5 heated to 100°C and stirred at this temperature for 3 hours. It was subsequently cooled to room 
temperature. A ^H-NMR spectrum showed that the target complex had been formed in a rac/meso 
ratio of about 1.9:1. The suspension was stiri-ed at room temperature for another 12 hours, then 
heated at 100**C for 8 hours. A further ^H-NMR spectrum showed that the complex had isomeri- 
zed to a rac/meso ratio of about 3.9:1. 

10 

Example 4: Preparation of dimethylsilylbis(2-methyIben2indenyI)2irconium 3,3'-di-tert-butyl-5.5'- 
dimethoxy-1 ,1'bi-2-phenoxide 

15 a) Preparation of ZrCU(DI\/IE) 

The synthesis of the zIrconium-DME adduct was carried out as in a) of Example 3. The amounts 
used were: 12.60 g of zirconium tetrachloride, 150 ml of toluene, 10.0 g of DME. 

b) Preparation of bapLi2 

20 In a dry 500 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 19.38 g of bapHa were 
dissolved In 200 ml of toluene and 10.0 g of DME. The solution was cooled to about 4*^0 in an ice 
bath and 25 ml of a 20% strength by weight BuLi solution were subsequently added dropwise via . 
the dropping funnel over a period of 15 minutes. After about one third of the BuLi solution had 

25 been added, the reaction mixture fomied lumps. The reaction mixture was heated to YO^'C, resul- 
ting in dissolution of the lumps. The remainder of the BuLi solution was added at 70**C. After the 
addition was complete, a stirrable suspension had been obtained and this was cooled to room 
temperature. 

30 c) Preparation of (DME)Cl2Zr(bap) 

The suspension from step a) was transferred under nitrogen by means of a syringe into the sus- 
pension from step b) at room temperature over a period of several minutes. Residues of the zir- 
conium compound were rinsed in using 10 ml of toluene. The reaction mixture was stirred at room 
35 temperature for 60 hours. An ''H-NMR spectrum showed that the reaction was not complete, so 
the suspension was heated at 80''C for 4 hours, after which the reaction was virtually complete. 
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d) Preparation of Me2Si(2-Me-benzind)Li2 

The preparation was carried out as in step d) of Example 3. The amounts used were: 21.4 g of 
dimethylsilyl-2-methylben2indenyl, 10.0 g of DME and 39.0 ml of a 20% strength BuLi solution. 

5 

e) Preparation of Me2Si(2-Me-benzihd)Zr(bip) . 

The suspension from step c) was transferred at 80*C under nitrogen by means of a syringe into 
the suspension from step d) at SOX over a period of several minutes. Residues of the zirconium 
10 compound were washed out using 10 ml of toluene and added. The resulting suspension was 
heated to 100**C and stirred at this temperature for a total of 12 hours. A ^H-NMR spectrum 
showed that the target compound had been formed in a rac/meso ratio of about 9:1. 

A comparison of Examples 3 and 4 shows that the use of the methoxy-substituted biphenoxide 
15 auxiliary ligand employed according to the present invention leads, under comparable reaction 
conditions, to a significantly higher rac/meso ratio than does the analogous tert-butyl-substituted 
compound. 

20 Example 5: Preparation of dimethylsilyl(2-methyl-4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4-(4'- 
tert-butylphenyl)indenyl)zirconium 3,3',5.5'tetra-tert-butyl-1 , 1 '-bi-2-phenoxide 

a) Preparation of ZrCl4(THF)2 

The synthesis of this compound was carried out as described in Example 1. The amounts used 
25 were 7.75 g (33.25 mmol) of ZrCl4, 1 30 ml of toluene. 6.5 g of THF. 

b) Preparation of bipLi2 

The preparation of this compound was carried out as described in Example 1. The amounts used 
were: 13.65 g (33.24 mmol) of bipHz. 130 ml of toluene and 6.5 g of THF. 

30 

c) Preparation of (THF)2Cl2Zr(bip) 

The preparation of this compound was carried out as described in Example 1 c) using the above 
solutions b) and a). The resulting suspension was heated to 80**C. 

35 d) Preparation of Me2Si(2-Me-4-(4'-t-Bu-Ph)-ind)(2-i-Pr-4-(4'-t-Bu-Ph)-ind)Li2 

In a dry 1000 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 19.50 ml of the dimethyl- 
silylbisindenyl ligand were suspended in 150 ml of toluene and 8 g of THF. At room temperature, 
24 ml of a 20% strength by weight BuLi solution were slowly added dropwise over a period of 20 

40 minutes. The resulting suspension was heated to 80*C and stirred for another 1.5 hours. 
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e) Preparation of the target compound 

The suspension from c) was transferred at 80°C under nitrogen by means of a syringe into the 
suspension from step d) at 80°C over a period of several minutes. Residues of the zirconium 
5 . compound were washed out using 10 ml of toluene and added. The resulting solution was stirred 
at 100°C for 3 hours. The suspension was subsequently transferred while hot by means of a sy- 
ringe to a glass filter frit No. 4 and filtered into a 1000 ml round-bottom flask with stopcock. The 
white precipitate was washed with 10 ml of toluene. The filtrate was evaporated to dryness under 
reduced pressure, giving 38.9 g (110%) of the crude compound. 

10 

Example 6: Preparation of dimethylsiryl(2-methy!-4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4-(4'- 
tert-butylphenyl)indenyl)zirconium 3,3'-di-tert-butyl-5,5 -dimethoxy-1 ,rbi-2-phenoxide 

- 15 a) Preparation of ZrCl4(THF)2 

The preparation of this compound was carried out as described in Example 1. The amounts used 
were 5.15 g (22.10 mmdl) of ZrCU. 100 ml of toluene and 4.1 g of THF. 

b) Preparation of bapLi2 

20 The preparation of this compound was carried out as described in Example 2. The amounts used 
were 7.92 g (22.10 mmol) of bapH2, 100 ml of toluene. 10 g of THF and 16.5 ml of 20% strength 
by weight BuLi solution. 

c) Preparation of (THF)2Cl2Zr(bap) 

25 The preparation of this compound was carried out as described in Example 2. The resulting sus- 
pension was. heated to 85''C. 

d) Preparation of Me2Si(2-Me-ind)(2-i-Pr-ind)Li2 

In a dry 1000 ml three-neck round-bottom flask which had been flushed with inert gas and was 
30 provided with a dropping funnel and vacuum connection with stopcock, 13.0 g (21.34 mmol) of the 
dimethylsilylbisindenyl ligand were suspended in 120 ml of toluene and 6.0 g of THF. At room 
temperature, 16.0 ml of a 20% strength by weight BuLi solution were slowly added dropwise over 
a period of 20 minutes. The mixture was subsequently heated to 80°C and stirred for another 1.5 
hours. The suspension was finally heated to 85*C. 

35 

e) Preparation of the target compound 

The suspension from step c) was transferred at 85X by means of a syringe into the suspension 
from step d) at 85°C over a period of several minutes. Residues of the zirconium compound were 
washed out using 10 ml of toluene and added. The resulting suspension was heated to lOO^'C 
40 and stirred at this temperature for 3 hours. A ^H-NMR spectrum showed virtually complete forma- 
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tion of the racemate form of the target compound. The suspension was transferred while hot by 
means of a syringe to a glass filter frit No. 4 and and filtered into a 1000 ml round-bottom flask 
with stopcock. The precipitate was washed with 10 ml of toluene. The filtrate was concentrated 
under reduced pressure, with 150 ml of the solvent being removed. The flask was stored at -20°C 
5 for 25 days, resulting in formation of a precipitate. The precipitate was isolated by filtration and 
drying under reduced pressure, giving a total of 14.37 g (58%) of the pure rac form of the target 
compound. 

10 Example 7: Preparation of dimethylsilyl(2-methyl-4-(4-tert-butylphenyl)indenyl)(2-isopropyl-4-(4*- 
tert-butylphenyl)indenyl)zlrconium 1,rbi-2-phenoxide 

a) Preparation of ZrCl4(THF)2 

The preparation of this compound was carried out as described in Example 1. The amounts used 
15 were 7.61 g (32.65 mmol) of ZrCU. 120 ml of toluene, 6.5 g of THF. 

b) Preparation of bpLia 

In a dry 500 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 6.08 g of 1.1 -bi-2-phenol 
20 (bpH2) were dissolved in 1 10 ml of toluene and 6.5 g of THF. The solution was cooled to about 
4**C in an ice bath, after which 24.5 ml of a 20% strength by weight BuLi solution were slowly ad- 
ded via the dropping funnel over a period of 15 minutes. The suspension was allowed to warm to 
, room temperature and was stirred for another one hour. 

25 c) Preparation of (THF)2Cl2Zr(bp) 

The suspension from b) was transferred under nitrogen by means of a syringe into the suspension 
from a) at room temperature over a period of several minutes. Residues of bpLi2 were washed out 
using 10 ml of toluene and added. The suspension was stirred at room temperature for 4 hours 
and subsequently heated to SS'C. 

30 

d) Preparation of Me2Si(2-Me-4-(4'-t-Bu-Ph)-ind)(2-i-Pr-4-(4'-t-Bu-Ph)-ind)Li2 
In a dry 1000 ml three-neck round-bottom flask which had been flushed with inert gas and was 
provided with a dropping funnel and vacuum connection with stopcock, 19.0 g of the dimethylsilyl- 
bisindenyl compound were suspended in 150 ml of toluene and 8.0 g of THF. At room tempera- 
35 ture, 23.5 ml of a BuLi solution were slowly added dropwise over a period of 20 minutes. The 

suspension was subsequently heated to 60°C and stirred for one hour. The suspension was then 
heated to 85*'C. 
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e) Preparation of the target compound 

The suspension from step c) was transferred at 85**C under nitrogen by means of a syringe into 
the suspension from step d) at 85°C over a period of several minutes. Residues of the zirconium 
compound were washed out using 10 ml of toluene and added. The resulting suspension was 
stirred at 100X for a total of 12 hours and subsequently cooled to about lO'^C. A ^H-NMR spec- 
trum showed virtually racemoselective formation of the targfet complex. The Yeaction mixture was 
transferred while hot by means of a syringe to a glass filter frit No. 4 and filtered into a 1000 m! 
round-bottom flask with stopcock. The filtrate was concentrated under reduced pressure, with 350 
ml of the solvent being removed. The flask was stored at room temperature for one day, resulting 
in formation of a precipitate. The precipitate was isolated by filtration and drying under reduced 
pressure, giving 10.95 g of the pure rac form of the target compound with one equivalent of tolu- 
ene. Yield: 36%. 
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Claims 



1. A process for preparing racemic metallocene biphenoxide complexes 
5 by reacting transition metal complexes of the formula (I) 



10 




(I). 

15 

where the substituents and indices have the following meanings: 

M is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, mo- 

lybdenum, tungsten or an element of transition group III of the Periodic Table 
20 and the lanthanides, 

X are identical or different and are each fluorine, chlorine, bromine, iodine, hy- 

drogen, Ci-Cio-alkyI, Ce-Cis-aryl, alkylaryl having from 1 to 10 carbon atoms 
in the alkyl. part and from 6 to 20 carbon atoms in the aryl part, -OR® or -NR®2. 
25 where are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl, C3- 

Cio-cycloalkyl, alkylaryl, 

n is an Integer from 1 to 4 and corresponds to the valence of M minus 2, 

30 R\ R^, R^. R^, R^, R® are identical or different and are each hydrogen, fluorine, chlo- 

rine, bromine, iodine, Ci-Cgo-alkyl, 3- to 8-membered cycloalkyi which may in 
turn bear a Ci-Cio-alkyl group as substituent, Ce-Cis-aryi, alkylaryl having 
from 1 to 10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in 
the aryl part, arylalkyi having from 1 to 10 carbon atoms in the alkyl part and 

35 from 6 to 20 carbon atoms in the aryl part. 

-OR^°, -SR^°, -N(R^°)2. -P(R^°)2 or Si(R^°)3. where R^° are identical or different 
and are each Ci-Cio-alkyl. Ce-Cis-aryl. Ca-Cio-cycloalkyI, alkylaryl, where the 
radicals mentioned may be partially or fully substituted by heteroatoms, 
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R', are identical or different and are each hydrogen, -OR", -SR", -N(R")2, 

-P(R")2 or Si(R")3, where r" are Identical or different and are each Ci-Cio- 
aikyl, Cs-Cio-cycloalkyl, 

Y are identical or different and are each 

R12 R12 R12 R12 

M1- — . ^ M1 — M1 • MI-CR2I2— • 



20 where 



10 R12 RI2 R12 R12 



R12 R12 R12 R12 

I l_ I I 

C ' O M1 ' C C— 



R12 R12 R12 R12 



= BR", = AIR",-Ge-, -Sn-, -0-, -S-. = SO. = SO2. = NR". = CO. = PR'^ or 
= P(0)R^^ 



R" are identical or different and are each hydrogen, halogen, Ci-Cio-a^kyl. 

Ci-Cio-fluoroalkyl, Ce-Cio-fluoroaryl, Ce-Cio-aryl, Ci-Cio-alkoxy, C2-C10- 
alkenyl, C7-C4o-arylalkyl, Ca-CAo-arylalkenyl, C7-C4o~alkylaryl, or two radicals 
25 R^^ together with the atonns connecting them form a ring, 

is silicon, germanium or tin, 

with cyclopentadienyl derivatives of alkali metals or alkaline earth metals and heating the 
30 reaction mixture obtained in this way to a temperature in the range from -78 to 250®C. 
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2. A process as claimed in claim 1 

comprising the following successive steps: 

a) deprotonation of compounds of the formulae (IVa) and (IVb) 



R23 

R19 




6^ 



R13 and 

R17 R21^ ^R20 

(IVa) (IVb) 



by means of a suitable deprotonating agent, where 

R^^. R''^. R^^, R''^ are identical or different and are each hydrogen, Ci-C2o-aIkyl, 5- to 
15 7-membered cycloalkyi which may in turn bear a Ci-Cio-alkyl group as sub- 

stituent, Ce-Cis-aryl or aryialkyi, where adjacent radicals may together form 
cyclic groups having from 4 to 15 carbon atoms, or Si(R^°)3, where 

R^® are identical or different and are each Ci-Cio^alkyl, Ce-Cis-aryl or C3-C10- 

cycloalkyl, and 

20 R^®, R^°, R^\ R^^ are identical or different and are each hydrogen, Ci-C2o-alkyl, 5- to 

7-membered cycloalkyi which may in turn bear a Ci-Cio-alkyl group as sub- 
stituent, Ce-Cis-aryl or arylalkyi, where adjacent radicals may together form 
cyclic groups having from 4 to 15 carbon atoms, or Si(R^^)3, where 
R^"* are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl or C3-C10- 

25 cycloalkyi, 

b) reaction of the deprotonated compounds (IVa) and (IVb) with a compound 
[T(R^^)(R^®)]mHal2, where Hal is a halogen substituent such as F, 01, Br or I. and subse- 
- quent repeat deprotonation by means of a suitable deprotonating agent to form a com- 
30 pound of the formula (Ilia) 
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15 



20 



where 

where 
P 



m 



R15 R14 

_/ R17 




R19 



pM2 



is an alkali metal ion or alkaline earth metal ion, 

is 1 when is an alkaline earth metal ion and is 2 when is an alkali metal 
ion, and 

can be identical or different and are each silicon, germanium, tin or carbon, 
are each hydrogen, Ci-Cio-alkyl, Ga-Cio-cycloalkyl or Ce-Cis-aryl. and 
is 1.2. 3 or 4; 



c) reaction of the compound of the formula (Ilia) with a transition metal complex of the for- 
mula (I) 



25 



30 



R3 R4 R5 R6 




(I). 

where the substituents and indices are as defined in claim 1. 



35 



A process as claimed in claim 2, 

wherein the deprotonating agent is selected from among n-butyllithium, tert-butyllithium, 
sodium hydride, potassium tert-butoxide. Grignard reagents of magnesium, magnesium 
compounds such as, in particular, di-n-butylmagnesium, (n,s)-dibutylmagnesium and other 
suitable alkaline earth metal alkyi and alkali metal alkyi compounds. 
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5. 

5 
10 

6. 

- 15 

. 7. 



8. 

20 



A process as claimed in claim 2 or 3 

which Is carried out without isolation of intermediates after individual process steps. 
A process as claimed in any of claims 2 to 4, 

wherein, in the compounds of the formula (Ilia), is magnesium "and R^^ and are 
each hydrogen or Ci-Cio-alkyl, in particular methyl, ethyl, n-propyl, i-propyl, n-butyl, sec- 
butyl, tert-butyl, i-butyl, hexyl; or Ce-Cio-aryl, in particular phenyl; or trialkylsilyl, in particular 
trimethylsilyl, and T(R^^R^®) is bis-Ci-Cio-alkylsilyl or bis-Ce-Cio-arylsilyl, in particular di- 
methylsilyl, diphenylsilyl, 1 ,2-ethanediyl, methylene; and the radicals R^^ to R^^ and R^® to 
R^^ form, in particular, an indenyl-type ring system or a benzindenyl-type ring system. 

A process as claimed in any of the preceding claims, 

wherein the reaction of the cyclopentadlenyl derivatives with compounds of the formula (I) 
Is carried out with addition of free radicals or free radical formers to the reaction mixture. 

A process as claimed in any of the preceding claims, 
wherein R^ and R® in the formula (I) are bulky substituents. 

A process as claimed in any of the preceding claims. 

wherein R^ and R® In the formula (I) are each methoxy, ethoxy. isopropyloxy. tert-butyloxy, 
cyclopropyloxy or cyclohexyloxy. 

A process as claimed in any of the preceding claims, 

wherein the bridging units Y in the formula (I) are identical and are each oxygen. 

A process as claimed in any of the preceding claims. 

wherein cyclopentadlenyl derivatives of magnesium or lithium are used. 
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11. A racemic metallocene biphenoxide complex of the formula (II) 



R15 R14 



R16 




(II). 



15 



where Y, M and R to Rr are as defined in claim 1, and 



20 



R to R are identical or different and are each hydrogen, Ci-C2o-alkyl, 5-to 7- 

membered cycloalkyi which may in turn bear a Ci-Cio-alkyl group as substitu- 
ent, Ce-Cis-aryl or arylalkyl. where adjacent radicals may together form cyclic 
groups having from 4 to 15 carbon atoms, or Si(R^°)3. where 



,18 



are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl or C3-C10- 
cycloalkyi. and 



25 



30 



is 



R23 




R19 



R20 



where the radicals 

R^® to R^^ are identical or different and are each hydrogen. Ci-Czo-alkyI, 5- to 7-. 
35 membered cycloalkyi which may in turn bear a Ci-Cio-alkyl group as substitu- 

ent, Ce-Cis-aryl or arylalkyi, where adjacent radicals may together form cyclic 
groups having from 4 to 15 carbon atoms, or Si(R^^)3 where 
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R^^ are Identical or different and are each Ci-Cio-allcyl, Ce-Cis-aryl or C3-C10- 

cycloalkyl. 

or the radicals 

5 

R^^ and Z together form a -[T(R^^)(R^®)]m-E- group, where 

T may be identical or different and are each silicon, germanium, tin or carbon, 

10 R^^, R^^ are each hydrogen. Ci-Cio-alkyl. Cs-Cio-cycloalkyI or Ce-Cis-aryl 

m is 1 , 2, 3 or 4, and 

15 E is 




20 ' or A. where 



IS 



w . S « NR27 >R27 

25 / / 

where R" are identical or different and are each Ci-Cio-alkyl, Ce-Cis-aryl. C3-C 
cycloalkyi, alkylaryl or Si(R^®)3 



10- 



30 where R^° are identical or different and are each Ci-C-io-alkyl, Cs-Cis-aryl, Ca-Cio-cy- 

cloalkyl or alkylaryl. 

12. A racemic metallocene biphenoxide complex as claimed in claim 11 in which R*"^ and R^^ 
are not hydrogen when R"*® and Z together form a -[T(R^^){R^^)]m-E- group. 



13. The use of a racemic metallocene biphenoxide complex as claimed in claim 11 or 12 as a 
catalyst or as a constituent of a catalyst for the polymerization of olefinically unsaturated 
compounds or as a reagent or catalyst in stereoselective synthesis. 
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Abstract 



The invention relates to a process for preparing racemic metallocene biphenoxide complexes by 
reacting bridged transition metal complexes with cyclopentadienyl derivatives of alkali metals or 
alkaline earth metals and heating the reaction mixture obtained in this way to a temperature in the 
range from -78 to 250°C, to the corresponding metallocene biphenoxide complexes and to their 
use as catalysts or as constituents of catalysts for the polymerization of olefinically unsaturated 
compounds or as reagents or catalysts in stereoselective synthesis. 



